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1. INTRODUCTION 
The weekend of 7 February 1986 found teams of three undergraduates working away on 
applied mathematics problems. They were part of the second Mathematical Competition 
in Modeling (MCM). That Friday morning the school MCM faculty advisor had opened 
an MCM packet and presented each three-student eam with a choice of one out of two 
problems. The first asked for construction of a contour based on given hydrographic data. 
and the second asked for optimal location of two emergency facilities in a small town. 
The teams were free to use computers and libraries. 
The MCM graders received solution papers from 118 teams (representing 89 schools), 
all of which were acceptable. Eight outstanding papers appear in this issue of Mathe- 
matical Modelling. This is about a 30% increase over MCM 1985, which had 90 solution 
papers (representing 70 schools). For a background of this contest and a description of 
MCM 1985 please see Vol. 6, pp. 473-484 (1985) of this journal or write the author for a 
reprint.? 
2. THE TWO MCM 1986 PROBLEMS 
Hydrographic data 
Table 1 gives the depth Z of water in feet for surface points with rectangular coordinates 
X, Yin yards. The depth measurements were taken at low tide. Your ship has a draft of 
5 ft. What region should you avoid within the rectangle (75, 200) x (-50, 150)? 
Table I. Data for the hydrographic data problem. Depth measurements taken at low tide 
x 129.0 140.0 108.5 88.0 185.5 195.0 105.5 157.5 107.5 77.0 81.0 162.0 162.0 117.5 
Y 7.5 141.5 28.0 147.0 22.5 137.5 85.5 -6.5 -81.0 3.0 56.5 -66.5 84.0 -38.5 
z 4 8 6 8 6 8 8 9 9 8 8 9 4 9 
Emergency facilities location 
The township of Rio Ranch0 has hitherto not had its own emergency facilities. It has 
secured funds to erect two emergency facilities in 1986, each of which will combine 
ambulance, fire and police services. The chart indicates the demand, or number of emer- 
f The JMCM is supported by a three-year grant from the Fund for the Improvement of Postsecondary Edu- 
cation (FIPSE) of the U.S. Department of Education. The grant is administered by the Consortium for Math- 
ematics and Its Applications (COM.AP). The author is XC&l project director. FIPSE is to be lauded for keeping 
alive the tradition of using federal funds to back projects at the college level. 
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gencies per square block for 1984. The L region in the north is an obstacle, while the 
rectangle in the south is a park with a shallow pond. It takes an emergency vehicle an 
average of 15 set to go one block in the N-S direction and 20 set in the E-W direction. 
Your task is to locate the two facilities so as to minimize the total response time. 
(i) Assume that the demand is concentrated at the center of the block and that the 
facilities will be located on corners. 
(ii) Assume that the demand is uniformly distributed on the streets bordering each 
block and that the facilities may be located anywhere on the streets. (See Fig. 1.) 
The faculty advisor was to open the envelope Friday morning and instruct the team to 
choose a problem by noon (else the advisor was to assign the team one of the problems). 
The ground rules allowed the team to use any inanimate source. It was emphasized 
that partial solutions were acceptable. and that there was no passing score. Except for 
diagrams, graphs, etc., the solution paper had to be typed. 
The following seven-point outline was provided: 
1. 
7 _. 
3. 
4. 
5. 
6. 
7. 
a clarification or restatment of the problem as appropriate; 
a clear exposition of all assumptions and hypotheses: 
an analysis of the problem, justifying or motivating the modeling to be used; 
the design of the model; 
a discussion of how the model can be tested; 
a discussion of the strengths and weaknesses of the model, including error analysis 
and such things as stability (conditioning, sensitivity); 
a one-page summary of results. 
3. RESULTS OF THE CONTEST 
The formidable array of 118 solution papers were coded by COhIAP and then mailed 
to the chief grader, D. R. Morrison at the University of New Mexico, Albuquerque. He 
and 11 associates then argued and graded their way through the papers, probably working 
almost as hard as the students did. 
The graders classified the 118 solution papers as follows: 
Successful Honorable 
participation mention Meritorious 
Hydrographic data 38 22 7 9 
Facilities location 80 45 19 16 
118 67 26 25 
Fig. I. Data for the emergency facilities location problem. Number of emergencies per square block in Rio 
Ranch0 during 1985. 
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The MCM Advisory Board unanimously designated eight of the meritorious papers, 
four from each problem, as outstanding: 
Hydrographic data (38 solution papers) 
1. “Contouring of Hydrographic Data” 
Colorado School of Mines Michael Holzrichter 
Golden, CO 80401 Bryan Johns 
Professor A. J. Boes Delaine Thompson 
2. “Interpolating a Topographical Map of the Ocean Floor” 
Harvey Mudd College David Ho 
Claremont, CA 91711 Kurt Overley 
Professor H. A. Krieger Lee Short 
3. “Contour Interpolation of Random Data” 
Pomona College Chris Jacobs 
Claremont, CA 9171 I John Keltner 
Professor R. H. Elderkin Brian Vant-Hull 
4. “Spline Analysis of Hydrographic Data” 
University of Toronto Andrew Davies 
Toronto, Canada MSS 1Al Mark Kinoshita 
Professor G. F. D. Duff Richard Van de Water 
Facilities location (80 solution papers) 
1. “Help! To the Rescue in Rio Rancho” 
Georgetown University Maureen Hardy 
Washington, D.C. 20057 Michael Irizarry 
Professor Andrew Vogt Stephen Penrice 
2. “Emergency Facilities Location” 
Grinnell College Albert Goodman 
Grinnell, IA 50112 Kevin Manbeck 
Professor A. E. Solow Byron Ricks 
3. “Positioning of Emergency Facilities in an Obstructed Traffic Grid” 
Harvey Mudd College Jeff Cronk 
Claremont, CA 91711 Duff Howell 
Professor H. A. Krieger Keith Saints 
4. “Optimizing the Placement of Two Emergency Facilities” 
Washington University Robert Barrett 
St. Louis, MO 63130 Jonathan Caulkins 
Professor D. L. Elliott Andrew Yates 
The papers of these winning teams appear in this Special Issue. 
The 17 other meritorious teams (and their MCM advisors) are: 
Hydrographic data 
Baylor University, Waco, TX (F. H. Mathis) 
Brigham Young University, Provo, UT (D. R. Snow) 
Cooper Union School of Engineering, New York, NY (E. Kondopirakis) 
Universite Laval, Quebec, Canada (Pierre Roger) 
University of Alaska, Fairbanks, AK (J. P. Lambert) 
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Albion College, Albion, MI (M. M. Meerschaert) 
California Polytech. State University, San Luis Obispo, CA (I’. D. O’Neil) 
Calvin College, Grand Rapids, MI (G. A. Klaasen) 
Cooper Union School of Engineering, New York, NY (E. Kondopirakis) 
McGill University, Montreal, P.Q.. Canada (J. E. Turner) 
New Mexico State University, Las Cruces, NM (J. D. Thomas) 
Rose-Hulman Institute of Technology, Terre Haute, IN (B. J. Winkel) 
Stetson University, Deland, FL (Dave Ellis) 
University of Alberta, Edmonton, Canada (Thomas Rogers) 
University of Rochester, Rochester, NY (M. E. Gage) 
University of Toronto, Toronto, Canada (G. F. D. Duff) 
Washington University, St. Louis, MO (D. L. Elliott) 
A list of all participating schools, advisors and contest classification may be found in 
an Appendix to this paper. 
4. AWARDS AND CONTRIBUTIONS 
Each participating MCM advisor and team member has been presented a certificate 
signed by the chief grader and project director. 
FIPSE funds have provided bronze plaques for schools of the eight winning teams. 
FIPSE funds will provide copies of this Special Issue for all advisors and members of the 
118 participating schools. 
Pergamon Press has underwritten printing costs for the Special Issue. 
The University of Southern California has offered teaching assistantships ($7500 per 
year plus full tuition remission) to MCM 1986 winners and encouraged all meritorious 
team members to apply for the teaching assistantships. 
5. GRADERS 
The twelve MCM 1986 readers were: 
Chief grader 
D. R. Morrison, Department of Computer Science. University of New Mexico 
Associate graders 
A. Barrero, Department of Computer Science, University of New Mexico 
E. Bedrick, Department of Statistics, University of New Mexico 
S. Bell, Department of Computer Science, University of New Mexico 
8. A. Fusaro, Department of Mathematical Sciences, Salisbury State College 
R. S. Grassl, Department of Mathematics, University of New Mexico 
M. S. Keener, Department of Mathematics, Oklahoma State University 
B. M. Moret, Department of Computer Science, University of New Mexico 
S. A. Pruess, Department of Mathematics. University of New Mexico 
E. Y. Rodin, Department of Systems Science & Mathematics, Washington University 
J. D. Thomas, Department of Mathematics, New hlexico State University 
M. Thompson, Dean of Arts and Sciences, University of lndiana 
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The MCM Advisory Board decides policy and approves certain meritorious papers 
(“winners”) for publication. The members of the MCM 1986 Board are: 
B. A. Fusaro (Chairman), Salisbury State College. Salisbury. MD 
M. S. Keener, Oklahoma State University. Stillwater. OK 
D. R. Morrison, University of New Mexico, Albuquerque, NM 
Warren Page, New York City Technical College, NY 
F. S. Roberts, Rutgers University, New Brunswick, NJ 
E. Y. Rodin, Washington University, Saint Louis, MO 
L. H. Seitelman, Pratt & Whitney, East Hartford, CT 
Maynard Thompson, University of Indiana, Bloomington. IN 
7. COMMENTS ON THE PROBLEMS AND SOLUTIONS 
The Hydrographic Data problem was contributed by Richard Franke, Department of 
Mathematics, Naval Postgraduate School, California. His paper, “Scattered Data Inter- 
polation” [Math. Compllt. 38, 181-200 (1982)] evaluates different approaches to this prob- 
lem and contains a summary table of 34 methods. Only 38 of the 118 solutions papers 
addressed this more difficult problem. 
The Facilities Location problem was contributed by J. C. McGrew, Department of 
Geography & Regional Planning, Salisbury State College, Maryland. Originally it had a 
stochastic aspect, but the Chief Grader and I thought it might be too much for three 
undergraduates on a weekend. How wrong we were in our estimates of these young 
students! (Their boundless energy, quickness, rapport with the computer, and ability to 
work cooperatively might leave many a faculty trio in the dust. . . .) The approaches 
mainly took the form of an exhaustive search. 
Generally, the 1985 and 1986 contests suggest that there is a good nucleus of budding 
modelers in the schools. The small colleges have been well represented. Harvey Mudd 
especially stands out, with one winner last year and two this year. Schools west of the 
Mississippi captured six of the seven USA winners, a disproportionate number. Canada, 
entering for the first time this year, made a nice showing with one winner and four mer- 
itorious teams, one of which did not have a single native English speaker. There were 
two of the seven points on the suggested outline that received scant attention in solution 
papers: testing and (especially) stability. This is not intended to be a criticism of the 
students’ efforts. Rather, it is we teachers who might be lagging a little bit. Although the 
concept of stabilify (conditioning, robustness, sensitivity, well-posed, etc.) was introduced 
by the great Hadamard in 1923, it seems to have difficulty establishing itself in the un- 
dergraduate mathematics curriculum. 
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APPENDIX 
List of participating schools, advisors and contest classification 
Successful Participants 
State Institute City Advisor Problem 
AK 
AL 
AR 
CA 
co 
CT 
DC 
DE 
FL 
IA 
IL 
IN 
MA 
MD 
MI 
MN 
MO 
NC 
NM 
NY 
University of Alaska 
Univeristy of Alabama 
University of Alabama 
Hendrix College 
University of Arkansas 
CA Polytech State Univ. 
CA Polytech State Univ. 
California State Univ. 
Harvey Mudd College 
Harvey iMudd College 
Humboldt State Univ. 
Humboldt State Univ. 
Loyola Marymount Univ. 
Pomona Coilege 
San Francisco State Univ. 
Sonoma State University 
Univ. of Southern Calif. 
Colorado School of Mines 
Connecticut College 
U. S. Coast Guard Academy 
Yale University 
Georgetown University 
Georgetown University 
Univ. of Delaware 
Florida Inst. of Tech. 
Stetson University 
Clarke College 
Grinnell College 
Blackbum College 
Blackbum College 
Wheaton College 
Rose-Hulman Inst. of Tech. 
Rose-Hulman Inst. of Tech. 
St. ,Mary’s College 
Boston College 
Williams College 
Williams College 
Worcester Polytechnic 
Goucher College 
Mt. St. Mary’s College 
Mt. St. Mary’s College 
U. S. Naval Academy 
U. S. Naval Academy 
Albion College 
Calvin College 
Michigan Tech. Univ. 
Michigan Tech. Univ. 
Moorhead State Univ. 
Moorhead State Univ. 
St. John’s Univ. 
Harris Stowe St. College 
Missouri Western State 
Tarkio College 
University of Missouri 
Washington University 
Washington University 
Davidson College 
Davidson College 
New Mexico State Univ. 
New Mexico State Univ. 
Cooper Union School Eng. 
Cooper Union School Eng. 
Fairbanks 
University 
University 
Conway 
Pine Bluff 
San Luis Obispo 
San Luis Obispo 
Northbridge 
Claremont 
Claremont 
Arcata 
Arcata 
Los Angeles 
Claremont 
San Francisco 
Rohnert Park 
Los Angeles 
Golden 
New London 
New London 
New Haven 
Washington 
Washington 
Newark 
Melbourne 
Deland 
Dubuque 
Grinnell 
Carlinville 
Carlinville 
Wheaton 
Terre Haute 
Terre Haute 
Notre Dame 
Chestnut Hill 
Williamstown 
Williamstown 
Worcester 
Towson 
Emmitsburg 
Emmitsburg 
Annapolis 
Annapolis 
Albion 
Grand Rapids 
Houghton 
Houghton 
Moorhead 
Moorhead 
Colleaeville 
St. LOuis 
St. Joseph 
Tarkio 
St. Louis 
St. Louis 
St. Louis 
Davidson 
Davidson 
Las Cruces 
Las Cruces 
New York 
New York 
J. Lambert 
A. Davis 
A. Davis 
S. Allen 
H. Ravikumar 
T. O’Neil 
T. O’Neil 
T. Lin 
H. Krieger 
H. Krieger 
C. Biles 
C. Biles 
S. Scarborough 
R. Elderkin 
G. Krause 
C. Falbo 
R. Iranpour 
A. Boes 
W. Brady 
E. Manfred 
G. Veronis 
A. Vogt 
A. Vogt 
J. Eastham 
L. Fausett 
D. Ellis 
C. Spiegel 
A. Solow 
M. Meredith 
M. IMeredith 
J. Mann 
P. Winkel 
P. Winkel 
D. Miller 
P. Thie 
G. Spencer 
C. Adams 
D. Housman 
S. Sands 
C. Harris 
C. Harris 
T. Sanders 
T. Sanders 
M. Meerschaert 
G. Klaasen 
G. Lewis 
G. Lewis 
R. Jeppson 
R. Jeppson 
M. Tangredi 
J. Behle 
K. Lee 
C. Evans 
A. Schwartz 
D. Elliott 
D. Elliott 
I. Bivens 
I. Bivens 
J. Thomas 
J. Thomas 
E. Kondopirakis 
E. Kondopirakis 
H. D.: 
H. D. 
F. L.’ 
F. L.* 
F. L. 
F. L.: 
F. L. 
F. L. 
H. D.S 
F. L.: 
F. L. 
F. L. 
F. L. 
H. D.$ 
H. D. 
H. D.* 
H. D.* 
H. D.S 
F. L. 
H. D. 
H. D.” 
F. L.-i 
H. D. 
F. L. 
F. L.’ 
F. L.+ 
H. D. 
F. L.$ 
F. L.* 
H. D. 
F. L. 
H. D. 
F. L.: 
F. L. 
F. L. 
F. L. 
F. L.* 
H. D.* 
F. L.’ 
H. D.* 
F. L.’ 
H. D. 
F. L. 
F. L.* 
F. L.+ 
H. D. 
F. L. 
F. L.’ 
F. L.’ 
F. L.* 
F. L. 
H. D. 
F. L. 
F. L. 
F. L.S 
F. L.+ 
F. L. 
F. L. 
F. L.: 
F. L.’ 
H. D.+ 
F. L.t 
State 
The 1986 mathematical competition in modeling 543 
Successful Participants 
Institute City Advisor Problem 
NY 
OH 
OK 
PA 
SD 
TN 
TX 
UT 
VA 
VT 
WA 
WI 
WV 
WY 
AB 
NF 
ON 
PQ 
HK 
Medgar Evers College 
Roberts Wesleyan College 
Roberts Wesleyan College 
SUNYiCot-tland College 
U. S. Military Academy 
U. S. Military Academy 
University of Rochester 
Universitv of Rochester 
Hiram College 
Kent State University 
Kenyon College 
Marietta College 
Miami University 
Oberlin College 
Xavier University 
East Central Univ. 
East Central Univ. 
Oklahoma State Univ. 
Oklahoma State Univ. 
Phillips Universitv 
Messiah College . 
Shippensburg Univ. 
Augustana College 
Augustana College 
David Lipscomb College 
University of the South 
Baylor University 
Texas A & M Univ. 
Texas A & M Univ. 
Trinity University 
Univ. Texas Permian Basin 
Univ. Texas Permian Basin 
Brigham Young Univ. 
Weber State College 
James Madison Univ. 
Johnson State College 
University of Vermont 
Central Washington Univ. 
Central Washington Univ. 
Seattle Pacific Univ. 
Western Washington Univ. 
Western Washington Univ. 
North Central Technical 
Univ. of Wisconsin 
IMarshall Universitv 
Univ. of Wyoming- 
University of Alberta 
IMemorial University 
Queen’s University 
Queen’s University 
University of Toronto 
University of Toronto 
McGill University 
Universite Lava1 
tiniversite Lava1 
Hong Kong Baptist College 
Brooklyn 
Rochester 
Rochester 
Cortland 
West Point 
West Point 
Rochester 
Rochester 
Hiram 
Kent 
Gambier 
Marietta 
Oxford 
Oberlin 
Cincinnati 
Ada 
Ada 
Stillwater 
Stillwater 
Enid 
Grantham 
Shippensburg 
Sioux Falls 
Sioux Falls 
Nashville 
Sewanee 
Waco 
College Station 
College Station 
San Antonio 
Odessa 
Odessa 
Provo 
Ogden 
Harrisonburg 
Johnson 
Burlington 
Ellensburg 
Ellensburg 
Seattle 
Bellingham 
Bellingham 
Wausau 
Oshkosh 
Huntington 
Laramie 
Edmonton 
St. John’s 
Kingston 
Kingston 
Toronto 
Toronto 
Montreal 
Quebec 
Quebec 
Kowloon 
U. Nagarette F. L. 
S. Brown F. L. 
S. Brown F. L. 
D. Pugh F. L. 
W. Fox F. L.’ 
W. Fox H. D. 
,M. Gage F. L. 
M. Gage F. L.i 
M. Grajek F. L. 
A. Cavaretta H. D.* 
B. Jones H. D. 
J. Michel F. L. 
B. Plvbon F. L.* 
B. P&lack-Johnson F. L. 
R. Pulskamp F. L. 
IM. Duggan H. D. 
M. Duggan H. D. 
J. Choike H. D.* 
J. Choike F. L.* 
R. Rakestraw H. D. 
M. Brubaker F. L.* 
H. Bell F. L. 
A. Gaalswyk F. L. 
A. Gaalswyk H. D. 
M. Miller F. L. 
S. Puckette H. D. 
F. Mathis H. D.+ 
W. Perry H. D. 
W. Perry F. L. 
J. Gayek F. L. 
F. Khosraviyani F. L. 
F. Khosraviyani F. L. 
D. Snow H. D.t 
K. Hyde F. L.” 
H. Donley H. D. 
G. Sprout F. L. 
G. Puterbaugh F. L. 
K. Gamon F. L. 
K. Gamon F. L. 
S. Johnson F. L. 
N. Hartsfield F. L.* 
N. Hartsfield F. L. 
R. Hennina F. L. 
R. Hollister F. L. 
D. Cusick F. L. 
J. George H. D. 
T. Roeers 
S. Mav 
W. Wbodside 
W. Woodside 
G. Duff 
G. Duff 
J. Turner 
P. Roger 
P. Roger 
F. Hickernell 
F. L.+ 
F. L. 
F. L.* 
F. L. 
F. L.+ 
H. D.: 
F. L.‘; 
H. D.+ 
F. L.* 
H. D. 
* Honorable mention. 
+ Meritorious. 
$ Outstanding meritorious. 
F. L. Facilities location. 
H. D. Hydrographic data. 
